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Abstract

Premixed natural gas fired combustors have the potential to significantly reduce NOx emission for
utility applications.  The relationship between the inlet flow properties (e.g., turbulent length
scales and intensity, temporal and spatial unmixedness, and anisotropy and mean strain rate) and
the combustor performance (e.g., emissions, efficiency, stability, acoustics) is not well
understood.  The UCI program addresses this question using premixers amenable to parametric
variation, in conjunction with a research combustor operated at atmospheric and practical
pressures.  Specifically, the program goals are to:

  • Establish the relationship of inlet conditions to combustor performance (i.e., emissions,
efficiency, stability, and acoustics).

  • Determine the optimal levels of conditions to maximize combustor performance.
  • Identify efficient premixing methods for achieving the necessary inlet conditions.

Emphasis is placed on minimizing pollutant formation without sacrificing efficiency.  At the same
time the combustor is required to have a large stability margin.  The program involves broad
interaction with industry in order to incorporate the needs and concerns of the relevant gas turbine
groups into the design of the research combustor, the measurement protocol, and the results.

During the current reporting period, UCI has integrated the combustor with the controllable
premixer, operated the system through extensive tests using design of experiments methods, and
evaluated the results using a CFD code.  Different cases of temporal and spatially inlet
unmixedness are generated and repeated with the premixer.  The degree of unmixedness is
quantified and related to the combustor performance.  The results and trends from the CFD
package (FLUENT) correlate favorably to the experimentally established dependence of
combustor performance to the inlet conditions.

In particular, combustor tests have been performed at conditions representative of industrial
combustors (i.e., at 670K inlet preheat and at an equivalence ratio of 0.47).  A custom designed
fuel injector allows for variable inlet injection length, and three distinct modes of fuel injection. 
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This in turn 1) controls the presentation of fuel/air unmixedness into the combustor and
2) impacts the fuel temporal and spatial distribution.  Swirl parameter variation is achieved via
eight distinct swirlers.  The swirler design is based on actual swirlers used in industrial.  The
combination of swirler and premixer configurations allow for a wide range of variability, that
affects the combustion process.

In addition to spatial and temporal unmixedness, the swirl angle, swirl vane thickness and swirl
solidity are also systematically investigated.  Continuous monitoring of emissions are obtained at
the exit of the combustor.  Stability is investigated through the acoustic signature of the
combustor.

The design of experiments approach is found to be a statistically effective tool by which effects
can be identified and targeted for optimization.  Early results suggest that the principal statistically
significant effect on NOx production is the inlet spatial distribution of fuel, and CO production is
related to turbulent inlet properties (yet to be determined) that are influenced by swirl solidity.

In all the testing, the geometric characteristics of the swirl vanes have a strong effect on inlet
conditions.  This has spawned a directed study of swirl vane effects that includes unmixedness
studies for a set of flat vanes.  Correlations are obtained to determine the effect of vanes on the
downstream flowfield.  Vortices shed in a synchronized manner have been shown as a pathway to
combustion instability.  Studies have also revealed transitionally "flopping" modes that might be
active in the combustion process.  It is observed that the introduction of more vanes tends to
suppress flow separation off the vanes.  The unmixedness at locations before and after the swirlers
used in the combustor tests are being obtained and will be compared to combustor performance
results.

The direction of the program during the next reporting period is to target specific cases for
detailed analysis and for high pressure applications.  Diagnostic techniques will be incorporated
along with numerical modeling to reveal the mechanistic processes that effect mixing and
combustor performance.  Continued industrial collaboration (Westinghouse, GE, Allison and
Solar), will provide for technical exchange, and prove to be invaluable for both academia and
industry.
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